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Abstract 

We develop an ansatze of the sigma enhancement of the 1=0, L=0 tt-tt 
scattering amplitude as arising from a low-energy glueball pole. Using this pic- 
ture we estimate the tt°tt to ir° branching ratio for the decays of the Roper 
resonance, which we previously found to be a hybrid in our QCD sum rule 
calculation. 
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In an investigation of scalar glueballs one of us has has found jl] that a pure 
scalar glueball has a mass 300-600 MeV, while solutions for mixed scalar glueballs 
and mesons are at a much higher energy, consistent with the fo(1500) for the mainly- 
glueball solution and with the fo(1370) and ao(1450) for the mainly-meson solution. 
Recently there has been a great deal of experimental activity in glueball searches 0, [| . 
One of the very interesting and we feel most important observations is the enhance- 
ment of the a mode in the decays of the glueball candidates, such as the dominance 
of the aa intermediate states in the decays of the glueball candidates /o(1500) — > An 
and / (1710) — > 47r|3], ||. The recent analysis by the BES collaboration || also suggest 
that the tensor glueball candidates £(2230) also has a large Air branching ratio that 
is dominated by the cr/ 2 (1270) intermediate state. 

By the "a" we mean in the present paper the enhancement in the n — n 1=0, L=0 
amplitude, for which a pole has been found in the analysis of Zou and Bugg||. This 
broad pole occurs near the light scalar glueball found in our work|I|, and the work of 
others using QCD sum rule met hods 0. We propose that the physical origin of the 
a enhancement is the light scalar gluonic mode, and that this could be a good signal 
for the study of gluonic structure of hadrons. This also provides an explanation of 
the absence of light, narrow glueball in lattice gauge calculations, since the strong 
coupling to the 7r — 7r channel, which results in about a 700 MeV width must be 
included for a physical solution. Note the the mixed glueball-meson states, predicted 
to be at higher energies in the region of scalar mesons [|I|, [/J, are quite far from this 
coupled-channel sigma and would not be involved. 

In the present work we use this picture of a scalar glueball mode coupled to the 
a channel for the decay of hybrid baryons. Recently we carried out a QCD sum 
rule calculation || to find the hybrid baryon with quantum numbers J p = l/2 + ,I = 
1/2, the same as the nucleon and the Pn(1440), the "Roper". This consisted as an 
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improvement over earlier work using the QCD sum rule methods^, [T(J. Since that 
work we have considered currents of the form citjn + C2t]H, where t]n and T]h are the 
nucleon and hybrid currents, defined below, and have shown that the nucleon has a 
very small hybrid component |TT|, which indicates that using a pure hybrid current 
for the Roper is reasonable. 

Because of convenience in treating renormalization we use a different current op- 
erator for the J p = l/2 + , 1=1/2 hybrid state than in Ref |J. It is 

Vh(x) = e abc (u a {x)C^u\x)) ia a ^ 5 G d a0 (x) (T d d(x))\ (1) 

where u(x) and d(x) are operators of the u and d quarks, G^^x) is a gluon field 
strength, a,b,c = 1, 2, 3 are the color indices, C is the charge conjugation matrix, and 
T d = X d /2 is the generator of the 577(3) color group. For the calculation of the pion 
and sigma decays we use the external field two-point method [12], which has been used 



in many calculations of hadronic coupling constants, including the strong and weak 
pion-nucleon coupling constant [|l3j. Using a two-point function in an external Jr field 
to represent the coupling of the current operator to the nucleon and the Roper, with 
the current of Eq. [I] lead to two independent invariant functions; 

U st (q) = iJe^{0\T( V ' H {x)ff N {0)) r \0) (2) 

= n[(g 2 )^ + n^ 2 )^, 

where s,t are Dirac indices, q st = (7 M ) st g /i , and r/ N is the nucleon current. The details 
of the solution for the mass of the hybrid are given in Ref ||. 

The coefficients of the operator product expansion (O.P.E.) are calculated to di- 
mension 6. In addition to the leading perturbative contributions we include the two 
quark condensate terms, which are the largest nonperturbative terms. For the pion 
decay the current J^iq'y^q and the n 2 correlator are used. After the Borel transform 



we find the following sum rule 

n^(M 2 ) = g, {M X N N + H MH) {M H e- M ^ - M N e~W) (2tt) 4 (3) 
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where A at, A# are the QCD sum rule structure constants, and G,,- is the pi-Roper- 
nucleon coupling. The susceptibility term is small and has been neglected. For the 
sigma decay we use the current J CT , with the glue-sigma coupling, g a , given by 

<G a ap J a Gf> = g a <G a ap Gf>. (4) 

The glue-sigma coupling constant can be extracted from the n — it T-Matrix of Ref 
H]. After subtracting the higher resonances they find a fit to the n — n amplitude of 
a Breit-Wigner form: 

The analysis of Ref || finds the sigma pole at 370 - 356i. Using our ansatze we 
determine the sigma- gluonic coupling constant, g CT from the width of this pole, giving 

g a ~ 700MeV. (6) 

We obtain for the II2 correlator 

n 2 (M 2 ) = G a {M X H N * H MN) (e-^ 2 - e- M ^){2^ (7) 

= ga (^M*E*-^M*E ). 

In Eq.(0) the parameter is the H-N-cr coupling constant which apears in the 
numerator of the double-pole term in the phenomenological dispersion relationship. 

From G a and G^ the 7r to a branching ratio can be determined. Using the standard 
values of the parameters, we find for the a /it branching ratio 

^ * 10%. R p , (8) 



where R p is the ratio of phase space factors. This is consistent with the present 
experimental limits|]14|. Indeed, the data suggest that the width of the Roper res- 
onance Pn(1440) decaying into aN final states is generally an order of magnitude 
larger than those of other resonances. This could be another signature of a hybrid 
Roper resonance in addition to its electromagnetic transition properties |15|. Thus, 



further experimental investigations of Pn(1440) — > 7r 7r iV [to select the 1=0 channel 
and eliminate A and p backgrounds] over an energy range to map out the a would be 
a very important channel to study the structure of the Roper resonance. In general, 
we suggest that the measurement of a decays of baryons and mesons is a signal for 
the gluonic content of hadrons. 
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